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Map Notes
Sericite is a field and petrographic term to indicate fine-grained, micaceous material that is not differentiated by various analytical techniques to be either fine-grained muscovite or illite. X-ray diffraction (XRD), transmission-electron microscopy (TEM), and chemical analysis reveal that sericite in the map area is commonly very fine grained muscovite or phengite, with a layer charge close to 1.0 equivalent per O 10 (OH) 2 for the micaceous layers (Eberl and others, 1987; Bove and others, 2002; D.J. Bove, unpub. data, 2005) .
Pyrite oxidation: Although fine-grained pyrite is abundant in many of the alteration assemblages described in the following section, it is commonly oxidized in outcrops and other surficial deposits. The recognition of originally unoxidized pyrite grains is confirmed by pseudomorphic casts and oxidation products such as hematite, jarosite, goethite, and
DESCRIPTION OF ALTERATION UNITS
QUATERNARY SURFICIAL DEPOSITS
Qu
Quaternary units, undivided-Lacks distinct spectral signatures as determined by remote sensing Airborne Visible/Infrared Imaging Spectrometer (AVIRIS) (Dalton and others, 2007 Drill core studies indicate that pyrite oxidation is deepest (as much as 100 m) along high ridges and broader areas, and tapers to near-surface levels towards valley bottoms. Coloration of the various pyrite-rich alteration assemblages described in the following section is largely a function of the species of oxidation of the mineral or phase (Dalton and others, 2007) . The proximity to unweathered pyrite can be estimated by the mapped species of iron oxidation minerals (Dalton and others, 2007) . Jarosite tends to reflect close proximity to unoxidized pyrite, whereas goethite and then hematite are present with increasing distance from these unoxidized zones (Dalton and others, 2007) .
typically have a bleached appearance and are variably oxidized. Thin stockwork quartz veinlets are locally present within this assemblage. Veinlet densities are anomalously high (0.3-1.5/m 2 ) in a 1 km 2 area centered around peak 3,792 m, informally named Mount Moly ( fig. 1 ).
Detailed studies in Red Mountains area ( fig. 1 ) (Bove and others, 2005; Bove and others, 2002) demonstrate that sericite in unit qsp assemblage is predominantly mixtures of 2M 1 and 1M polytypes. Mean thickness measurements of sericite particles in Red Mountains area range from 11 to 36 nanometers (nm), and average 17 nm (Bove and others, 2002) . These sericites lack an illite/smectite (I/S) component, and have very low expandabilities (<4 percent), approximating end-member composition (zero expandability). Detailed mapping and XRD studies demonstrate that some of the larger unit qsp zones in map area grade outward into a marginal facies characterized by a decrease in silicification and sericite cystallinity. These marginal facies rocks contain between 15 and 25 percent microcrystalline quartz, abundant sericite, sporadic chlorite, and about 5-10 volume percent finely disseminated pyrite. Sericite in marginal zones consists mainly of 1Md polytype and contains a substantial I/S component (15-20 percent expandable). Sericite particle sizes from this zone, where studied in Red Mountains area (Bove and others, 2002) , range from 4 to 8 nm, which is significantly smaller than sericites within the central unit qsp zone. Transitions in unit qsp assemblage from center to margins (as suggested by preceding mineralogical details) are consistent with changes due to temperature variation and distance from centers of hydrothermal alteration (Bove and others, 2002; Srodon and Eberl, 1984) wsp-hyd Mix of weak sericite-pyrite (unit wsp) and hydrothermal propylitic altered rock-Present only on margins of Mount Moly porphyry hydrothermal system. Characterized by incipient to partial replacement of plagioclase by sericite; biotite and pyroxene are altered to chlorite, sericite, and fine opaque mnerals. These rocks are generally less silicified than their unit qsp counterparts and contain fewer quartz-sulfide stockwork veinlets. Hydrothermal propylitic altered rock, which formed contemporaneously with the Mount Moly porphyry hydrothermal system (Bove and others, 2007) , is composed of fresh to weakly altered feldspar, chlorite-and epidote-altered biotite and pyroxene, and abundant veins and fractures filled with pyrite, chlorite, magnetite, and quartz. Hydrothermal propylitic altered rocks of Mount Moly porphyry system can be distinguished from earlier formed regional propylitic (unit pr) assemblage largely by presence of pyrite, quartz, and chlorite veinlets in hydrothermal propylitic altered rocks. Finely disseminated pyrite is generally scarce in regional propylitic altered rock qsp-wsp Mix of quartz-sericite-pyrite (unit qsp) and weak sericite-pyrite (unit wsp) altered rocks qsp-pr Mix of quartz-sericite-pyrite (unit qsp) and propylitic (unit pr) altered rock
Acid sulfate suite
Formed by replacement of original volcanic host rocks by low-pH, sulfate-rich solutions. These solutions were localized along fault and hydrothermal breccia zones and permeated outward throughout intensely fractured wallrock. Centers of acid sulfate altered rock are internally zoned and generally transition outward from silicified, quartz-alunite-pyrophyllite (typically quartz-alunite with pyrophyllite increasing laterally), to argillic (dickite dominant), and then into smectite and (or) propylitic altered rock; however, variations in this generalized zonation are common. Acid sulfate alteration in Red Mountain Pass area ( fig.  1 ) occurred at about 23 Ma (Lipman and others, 1976; Gilzean, 1984; Bove and others, 2001) Ar dates on alunite sil Silicified-Generally formed as replacements along mineralized, pipelike to tabular, hydrothermally brecciated masses and along brecciated faults and strong fracture zones. Silicified volcanic rocks and breccias range from light-gray to highly bleached granular aggregates and dark jasperoidal masses composed of a microcrystalline mosaic of quartz (>75 percent), pyrite (5-25 percent), leucoxene (trace), and minor dickite, alunite, pyrophyllite, and diaspore. Within the breccias, quartz is cryptocrystalline to chalcedonic or forms anhedral microcrystalline grains in both the groundmass and within clasts. Small Oxidized ores were present in upper 100 m of some of these silicified breccia bodies and consisted of lead and iron carbonates and sulfates with galena cores; various iron oxides and arsenates; botryoidal masses of sphalerite and oxidized galena; along with spongy quartz, dickite, kaolinite, diaspore, pyrophyllite, and alunite. Oxidized ores in silicified deposits graded downward into silver-rich copper ores of enargite, tetrahedrite, stromeyerite, bornite, and chalcopyrite, which gradually diminish downward into increasing amounts of low-grade pyrite qap Mixed quartz-alunite and quartz-alunite-pyrophyllite altered rocks-Inner quartz-alunite and more distal quartz-alunite-pyrophyllite alteration zones of acid sulfate suite are defined by presence of quartz, alunite, natroalunite, pyrophyllite, dickite, and pyrite and minor to trace amounts of zunyite, sulfur, svanbergite, and tridymite. These highly silicified rocks typically contain between 30 and 80 percent fine-grained quartz, with a mean of 50 percent. Pyrite, present as disseminations and along tiny fracture networks, typically ranges from 20 to 30 weight percent within these rocks. Alunitized rocks are characterized by the breakdown of all primary rock constituents with the exception of zircon and resorbed quartz phenocrysts, where present. Biotite, hornblende, and primary opaque minerals are altered to leucoxene; hematite and jarosite formed as nearsurface oxidation products of pyrite. Alunite content typically decreases and pyrophyllite increases with lateral distance away from central quartz-alunite dominant alteration zones. Quartz content diminishes to an average of about 30 percent in distal pyrophyllite-rich zones where alunite content is at a minimum. Compositional data as determined by AVIRIS remote spectroscopy (Dalton and others, 2007) indicate that alunite in map area ranges mostly from a nearly pure potassium end member to intermediate potassium and sodium compositions. However, natroalunite has been identified in some localities by AVIRIS mapping (Dalton and others, 2007) and XRD methods (Sole and others, 2007) . An individual chemical analysis of alunite from Red Mountain Pass area (Hurlburt, 1894) shows presence of potassium and sodium in roughly equal proportions qap-s Predominantly mixed quartz-alunite and quartz-alunite-pyrophyllite altered rocks (unit qap) mixed with lesser quartz-sericite-pyrite altered rocks (unit qsp) arg Argillic-Characterized by presence of dickite and quartz with varying amounts of pyrite. Rocks are generally bleached and clay rich, containing a distinctive soft, white waxy clay that is pseudomorphous after feldspar and occurs along fractures. Rocks are poorly to only moderately indurated and contain trace amounts to 40 percent fine-grained quartz. Argillic zones form broad outer margins around quartz-alunite and quartz-alunite-pyrophyllite (unit qap) and silicified (unit sil) zones smect Smectitic-Similar in appearance to argillic (unit arg) zones but characterized by presence of smectite, chlorite, and metastable feldspar grains. Smectitic alteration zones formed from hydrothermal fluids and are present on or near outermost margins of acid sulfate alteration centers. Smectites from Red Mountains area are dioctahedral with compositions ranging from beidellite to montmorillonite (D.J. Bove and H.A. Lowers, unpub. data, 2005; Luedke and Hosterman, 1971 ) pr-as Mixed propylitic (unit pr) and alteration units of acid sulfate suite-Propylitic altered rocks are generally dominant over acid sulfate altered rocks. Contacts of this mixed assemblage are largely inferred. Mineral mapping by AVIRIS was severely restricted in these highly vegetated areas; field observations were also limited due to lack of outcrop or precipitous slopes. However, both data sources indicate that propylitic and acid sulfate altered rocks are present in these areas
Regional propylitic suite pr Propylitic-Contains varying amounts of chlorite, epidote, calcite, and illite or sericite, in the presence of metastable to stable primary feldspar crystals. Rocks of propylitic assemblage are characteristically green to pistachio green in color owing to the presence of chlorite and (or) epidote, respectively. Plagioclase phenocrysts, most notably the calcic cores, show significant replacement by mixtures of epidote, chlorite, calcite, and illite, whereas groundmass is altered to fine aggregates of these secondary minerals. Appearance of epidote in some lithologies may denote a higher degree of alteration, although calcite instead of epidote can predominate within these altered grains. Although calcite and epidote coexist in some rocks, these minerals more typically occur to the exclusion of one another. Calcite and chlorite can be quite abundant in these rocks; however, chlorite is nearly ubiquitous, whereas calcite is locally absent. Percentages of illite or sericite range from 10 to 20 volume percent in some samples. Incipient to weak stages of propylitic alteration are generally noted by the replacement of ferromagnesian minerals (biotite, pyroxene, and hornblende) by finegrained chlorite, calcite, quartz, iron oxides, and (or) epidote. In contrast, calcite and illite (or fine muscovite) replace plagioclase, mostly along cleavage planes and microfractures, leaving internal parts of grains relatively unaltered. Weakly propylitic altered rocks are noted especially in the dark-colored lavas of the Henson Member of the Silverton Volcanics that cap many of the high ridges within study area (Burbank and Luedke, 1969) . The weakly propylitized Henson Member is also characterized by presence of hematite along microfractures and as microscopic granular disseminations.
Coexisting mineral phases of propylitic assemblage can be quite variable depending on several factors, including degree of alteration and nature and composition of protolith, as briefly discussed in the preceding. Additional factors include stratigraphic position or relative depth of burial. Propylitic assemblages were broadly differentiated into two major subgroups: (1) chlorite, epidote, calcite (CEC) dominant (Dalton and others, 2004) , and (2) chlorite, illite or fine muscovite, calcite (CIC) dominant as discussed in Bove and others (2005) 
Map Summary Methods
Hydrothermal alteration assemblage maps were compiled from the following sources: (1) detailed field mapping (scale 1:12,000) and associated XRD analysis, (2) mineral mapping by remote spectroscopy (AVIRIS) (Dalton and others, 2007) , and (3) mapping by aerial photography at a scale of 1:24,000. Mapping by Ringrose (1982) was also used in this compilation. Field and remote spectroscopic identification of mineral phases was confirmed by whole rock XRD. XRD studies of more than 200 samples were performed using standard clay XRD techniques (Moore and Reynolds, 1989) . These XRD results are in a relational database (Sole and others, 2007) .
Geologic structures were compiled and generalized from multiple published and unpublished sources (Burbank and Luedke, 1964; Steven and others, 1974; Luedke and Burbank, 1975a, b; Lipman, 1976; Luedke and Burbank, 1987; Luedke, 1996) (see Index Map). Unpublished mapping of the Ironton quadrangle by D.J. Bove and J.P. Kurtz in 1997-1999 was included. Veins and faults are undifferentiated, including those major faults related to the San Juan and Silverton caldera complex. Structural offset is often difficult to determine at the surface due to infilling of structural features by vein quartz that demarks the location in several places of vein-related quartz-sericite-pyrite alteration (unit vqsp). In previous geologic mapping, structural features were also generalized and referred to as veins or mineralized faults (Burbank and Luedke, 1964) , alluding to the ambiguity in determining structural offset along these features.
Alteration Assemblages and Mineralization
Most mineralization and associated hydrothermal alteration in the map area (figs. 1, 2) were temporally and genetically associated with three major episodes of high-level magmatism between about 27 and 10 Ma (Bove and others, 2001) . These events postdate collapse of the San Juan, Uncompahgre, and nested Silverton calderas (28-27 Ma) by about 5-15 m.y. (Lipman and others, 1976; Bove and others, 2001) . Caldera collapse and resurgent doming created a favorable structural environment for later mineralization and hydrothermal activity. In general, deuteric activity was temporally associated with caldera development and caused regional propylitic alteration (unit pr), which characterizes a major part of the study area (Burbank, 1960) . Rocks affected by this alteration type contain abundant calcite, epidote, and chlorite (figs. 3, 4), which contribute to the intrinsic acid neutralizing capacity of this alteration assemblage (Desborough and Yager, 2000; Bove and others, 2005; Yager and others, 2005) .
The earliest important mineralizing and related hydrothermal event, at about 26-25 Ma, was related to several calc-alkaline intrusions emplaced over a broad region of the western San Juan Mountains (Bove and others, 2001 ). The Mount Moly (informal name) area, centered around the 3,792 m peak between South and Middle Forks Mineral Creek ( fig.  1) , is the only known mineralized hydrothermal system of this type and age in the study area. This area is characterized by subeconomic molybdenum-copper mineralization and more than 19 km 2 of intensely altered and pyritized rock (Ringrose, 1982) . Hydrothermal alteration assemblages change outward from a central quartz-sericite-pyrite zone (unit qsp), characterized by stockwork quartz veining ( fig. 5) , into a zone of undifferentiated weak sericite-pyrite and hydrothermal propylitic altered rock (unit wsp-hyd), and finally into regional propylitic altered rock (unit pr). Zones of oxidation extend to depths of about 100 m below the ground surface, beneath which secondary copper was enriched to as much as 700-800 ppm (Bove and others, 2005) . Relatively narrow, silverbearing base-metal veins are present mostly on the periphery of the hydrothermal system. Two large centers of acid sulfate altered and mineralized rock in the Red Mountains and Ohio Peak-Anvil Mountain areas ( fig. 1 ) are related to high-level dacite intrusions emplaced about 23 Ma (Bove and others, 2001 ). The Red Mountains system encompasses a roughly 19 km 2 area that was host to breccia-pipe and fault-hosted mineralization (Burbank and Luedke, 1969; Bove and others, 2000) . The deposits were noted for rich silver-lead-copper ores; individual deposits typically contained from 50 to a few hundred ounces/ton silver, 15-40 percent lead and copper, and minor gold. Near Red Mountain Pass, the breccia bodies are surficially expressed as prominent silicified knolls (45-150 m wide) that rise from 8 to 60 m above the valley bottoms ( fig. 6 ). The Ohio Peak-Anvil Mountain system (17 km 2 ), although similar in size and genesis, was generally devoid of economically important mineralization, as shown by the paucity of mines in the area (Church and others, 2007) .
The acid sulfate assemblages in the Red Mountains and Ohio Peak-Anvil Mountain areas (figs. 7-10) are deeply rooted and extend as much as 300 m beneath the surface. At higher elevations, alteration of the acid sulfate suite grades outward from silicified or quartz-alunite centers (included in unit qap) into argillic (unit arg) and further into smectitic (unit smect) and (or) propylitic altered rock (unit pr) ( fig.  11 ). Acid sulfate centers at lower elevations, or in the deeper parts of the hydrothermal system, grade laterally from silicified or quartz-alunite centers (included in unit qap; containing diaspore, svanbergite, and zunyite), into quartz-pyrophylliteminor alunite (included in unit qap; dickite absent), and then into pervasive quartz-sericite-pyrite assemblages (unit qsp) ( fig. 12 ). Sericite in these pervasive quartz-sericite-pyrite zones (unit qsp) is replaced by pyrophyllite in the deeper acid sulfate alteration centers. Ore mineralizing fluids postdate all but late-stage veins of the acid sulfate assemblages. A change in clay mineral species from dickite at higher elevations to pyrophyllite at depth indicates a progressive cooling of the hydrothermal fluids as they rose from the core of the acid sulfate system. Pervasive zones of quartz-sericite-pyrite altered rock (unit qsp) ( fig. 13A, B) at lower elevations also reflect the deeper hydrothermal system. These zones become less silicified at their margins, where sericite is generally less crystalline and formed at lower temperatures (Bove and others, 2002) .
A number of small, 18-10 Ma, high-silica rhyolite intrusions and dikes crop out in the map area (upper Boulder Gulch, California Mountain, Denver Hill, Houghton Mountain, and Horseshoe Bend; fig. 1 ). These intrusions are part of a bimodal (basalt-rhyolite) igneous suite associated with extensional tectonism that began about 25-23 Ma in the southwestern San Juan Mountains (Lipman and others, 1976; Bove and others, 2001) . Pervasive quartz-sericite-pyrite zones (unit qsp) (0.7-1 km 2 ) surround the California Gulch, Horseshoe Bend, and Houghton Mountain intrusions; these rocks are locally cut by a dense network of <1 mm quartz veinlets. The rhyolite near Denver Hill is generally very weakly altered; however, it is locally silicified and pyritized, especially near its brecciated margins. Rare molybdenite mineralization, local fluorite, and huebnerite are also associated with these intrusions (Bove and others, 2005) .
Economically important, post-18 Ma vein mineralization in the western San Juan Mountains is closely associated with intrusion of high-silica alkali rhyolite (Lipman and others, 1973; Bartos, 1993) . Veins are mostly a polymetallic variety (silver, lead, zinc, copper, ± gold) and formed as fracture or fissure fillings. The Sunnyside mine ( fig. 1 ) was a major gold producer (Casadevall and Ohmoto, 1977) , and, up until closure in 1991, produced more than 800,000 ounces gold and 14 million ounces silver (Bartos, 1993; Bove and others, 2005) . The veins within the San Juan and inner nested Silverton calderas are either concentric or radial to the ring fracture zone, or trend parallel to graben faults related to resurgent doming of the San Juan-Uncompahgre calderas (Burbank and Luedke, 1969) . Zones of hydrothermally altered rock related to the veins consist of narrow envelopes that are superimposed over regional propylitic altered (unit pr) rock (Ransome, 1901; Burbank and Luedke, 1969) .
As much as 75 percent of the rocks outside the large and pervasive hydrothermal systems (Mount Moly, Red Mountains, and Ohio Peak-Anvil Mountain) ( fig. 1 ) is propylitic altered (unit pr). In contrast, rock affected by pervasive alteration (units qsp, wsp, and qsp-wsp) make up only about 20 percent of the rock outside these pervasive altered areas-much of this associated with the rhyolite intrusions previously described. Vein-related alteration zones (units vqsp, vqsp-pr, vqsp-arg, and vwsp-pr) (fig. 14) , which generally extend two to three times the width of veins, approximate nearly 5 percent of this area.
Water-Quality Signatures Associated with Alteration Assemblages
Water-quality samples were collected at selected stream and spring sites throughout the watershed during summer low-flow conditions in 1997-1999. All sites were minimally affected by historical mining disturbance and were assumed to were elevated in only a few WS samples, most had sulfate concentrations similar to those of the quartz-sericite-pyrite (unit qsp) samples. Some of the highest pH samples in this alteration assemblage had sulfate concentrations above 1,000 mg/L and relatively low zinc and copper concentrations. This water-quality signature may be a result of the dissolution of vein-filling gypsum or anhydrite, which could produce high concentrations of calcium and sulfate without the associated acidity and metals from sulfide oxidation. be representative of premining background. Detailed descriptions of collection methods and analytical techniques can be found in Mast and others (2000) . To explore the relation between geology and water quality, sites were grouped by the dominant alteration assemblage upstream from the sampling site on the basis of the major hydrothermal alteration assemblages mapped in the study area, including propylitic (unit pr), quartz-sericite-pyrite (unit qsp), and the acid sulfate suite (AS in fig. 15 ). Water draining weak sericite-pyrite (unit wsp) and the mixed wsp-hyd assemblages are combined simply as WS in figure 15 . Boxplots were used to compare background water chemistry from different alteration types for pH and dissolved calcium, sulfate, copper, manganese, and zinc concentrations ( fig. 15) . Copper, manganese, and zinc were chosen because they are dissolved constituents that are potentially most toxic to aquatic organisms in the study area (Besser and Brumbaugh, 2007; Besser and Lieb, 2007; Besser and others, 2007) . Sulfate concentrations and pH are indicators of the extent of pyrite oxidation, and calcium concentrations are a general indicator of weathering.
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Background springs and streams in the study area had a wide range of compositions that were spatially related to the degree of bedrock alteration. Streams and springs draining propylitic altered rock (unit pr) typically had the highest pH values and lowest dissolved-metal concentrations of the four assemblages. Although not shown in figure 15 , these waters also were characterized by measurable alkalinity and low dissolved iron and aluminum concentrations. Propylitic altered (unit pr) rock, which occurs throughout the study area, contains as much as 30 percent calcite, the dissolution of which largely produces the neutral surface-water composition characteristic of this alteration assemblage. A few samples from this assemblage had low pH and elevated metal concentrations. Most of these were downstream from localized mineralized structures or vein systems within the propylitic altered (unit pr) country rocks.
In contrast to the propylitic (unit pr) assemblage, streams and springs draining the quartz-sericite-pyrite (unit qsp) alteration assemblage were characterized by low pH and high sulfate concentrations, reflecting an abundance of pyrite and a lack of acid-neutralizing minerals such as calcite. The samples influenced by quartz-sericite-pyrite (unit qsp) assemblages also were enriched in zinc, copper, and manganese relative to the propylitic (unit pr) samples due to the base-metal sulfide mineralization more commonly associated with this alteration assemblage. Surface water draining assemblages of the acid sulfate suite (AS in fig. 15 ) was similar to that of the quartz-sericite-pyrite (unit qsp) assemblage, having slightly higher pH values and lower metal concentrations.
Samples draining WS-altered rock ( fig. 15 ) generally were intermediate in composition between the quartz-sericitepyrite (unit qsp) and propylitic (unit pr) samples, perhaps reflecting a greater abundance of reactive minerals such as chlorite, feldspar, and calcite than the quartz-sericite-pyrite (unit qsp) assemblage. Although base metal concentrations fig. 1 ). Oxidized ores dominated by galena were present in upper 100 m of this and other similar deposits, either attached to walls of caves, as broken detached masses within caverns, or as bedded deposits with clayey mud and sand filling caves (Schwarz, 1883) . Lead ores mined in these upper levels accounted for most of the early production. Intermingled with cave ores were abundant fine "spongy" quartz, crystalline dickite/ kaolinite, diaspore, pyrophyllite, and alunite. Beneath the upper oxidized zone, ores included enargite, galena, chalcopyrite, pyrite, chalcocite, bornite, tetrahedrite-tennantite, sulfobismuthites, and stromeyerite (Schwarz, 1883) . Note ladder for scale (approximately 10 m long; in top part of outcrop, just left of center). fig. 1 ), depicting lateral transition of acid sulfate assemblage at high levels of hydrothermal system. Clays in highlevel argillic assemblage (unit arg) consist of dickite in the absence of pyrophyllite. Argillic assemblage grades laterally into propylitic (unit pr) altered rocks; unit qsp assemblage is not part of lateral transition in upper levels of hydrothermal system. Small centers of quartz-alunite altered rock (included in unit qap assemblage in Description of Alteration Units) also lack pyrophyllite within and at their margins. fig. 1 ). Zone at center of photograph depicts highly silicified center (unit sil) that grades outward to an assemblage of quartz-alunite-pyrophyllite (unit qap), into pervasive unit qsp altered rocks. Pyrophyllite increases as quartz and alunite decrease laterally from composite unit qap centers. A large, quartz-alunite altered hydrothermal breccia (eastern margin of which is exposed on far left of photograph) grades outward into quartz-alunite-pyrophyllite (unit qap), and then into a pervasive unit qsp assemblage. Sericite at margins of these centers was replaced by pryrophyllite.
A B Figure 13 . Photomicrographs of unit qsp altered rock. A, crossed-polarized light, and B, plane light. Outlines of altered feldspar phenocrysts generally denoted by coarser and brighter sericite. Groundmass largely replaced by quartz and sericite. Much of finer grained pyrite (fine opaque grains) is oxidized and thus not reflectant as shown in figure 13B . Field of view 2.3 mm. 
